Purpose of Review Ankle fractures and diabetes mellitus are both increasing in prevalence. Patients with both diabetes and an ankle fracture have been shown to have an increased rate of complications which can be catastrophic. The purposes of this review are to identify factors placing patients at an increased risk and offer guidance on the management of these injuries, in order to reduce potential complications. Recent Findings Non-operative management of unstable ankle fractures in patients with diabetes results in an unacceptably high rate of complications. Operatively managed patients with uncomplicated diabetes seem to fair as well as patients without diabetes. Thus, it is important to recognize patients as either complicated or uncomplicated at the onset of their treatment based on comorbidities. Summary There is limited evidence to guide the management of ankle fractures in patients with diabetes, in particular those deemed complicated. Non-operative management of unstable fractures in diabetic patients should be avoided.
Introduction
Ankle fractures are one of the most common orthopedic injuries in the world, with approximately 187 fractures per 100,000 people per year [1] . This rate is rising with the popularity of high-level sports and an ever-aging population. These injuries may be especially devastating in high-risk populations, such as the geriatric population and those with diabetes. With an increasing focus in the medical community on complication prevention and cost control, the management of diabetic ankle fractures has been of significant interest. These patients have been shown to incur a higher proportion of complications and, subsequently, a perceived higher cost of care. With the preservation of limbs often at stake, there are few more challenging populations from a foot and ankle standpoint than the ankle fracture in a patient with diabetes. According to the ADA, in 2015, the rate of diabetes in the USA is roughly 9.4% of the population or 30.3 million Americans [2] . One quarter of Americans over the age of 65 have a diagnosis of diabetes and 84.1 million over the age of 18 are pre-diabetic [2] . Medical expenses for diabetic patients tend to be over two times higher than nondiabetics and the total cost of diabetes management was approximately $245 billion dollars in 2012 [2] . Specifically, mean length of hospital stay and healthcare cost of ankle fractures of patients with diabetes have been found to be significantly higher (p < 0.01). More specifically, patients with complicated diabetes had longer (2.4 days) hospital stays (p < 0.01) and were $6895 more costly than uncomplicated diabetic patients [3] . These patients also tend to have other medical comorbidities including end-stage renal disease (ESRD), peripheral vascular disease, coronary artery disease, neuropathy, and obesity. These comorbidities can make surgery and post-operative management difficult for even the most skilled surgeon and place them into a more "complicated" category. While there is an increasing volume of knowledge in the management of diabetic patients with orthopedic conditions, there This article is part of the Topical Collection on Foot and Ankle Trauma is little high-level evidence to guide surgical management and decision-making regarding diabetic ankle fractures.
Non-operative vs. Operative Management
The impact of diabetes on the overall outcome in nonoperative and operatively managed ankle fractures is not completely clear. While fracture pattern, stability, and displacement have been the key factors for determining whether operative intervention is necessary, it is important to recognize that these factors may carry a different weight in the setting of comorbidities such as diabetes, increased age, obesity, peripheral arterial disease, and non-ambulatory patients.
Both diabetes and obesity have been shown to portend an increased risk of wound healing complication in operatively treated patients [4] . In an effort to determine what patients may be at a high risk of re-operation after ankle fracture surgery, Pincus et al. reviewed a series of over 45,000 patients with ankle fractures over a 7-year period [5•] . Eight thousand nine hundred six re-operation surgeries (19.6%) were identified. While this number may seem alarmingly high, 92.4% of these re-operations were performed for isolated hardware removal unrelated to infection. Importantly, they found that patients with diabetes were statistically more likely to require reoperation for irrigation and debridement (I&D) (p < .001) and amputation (p < .001) with median time to I&D and amputation being 100 and 135.5 days, respectively.
While it is generally accepted that stable, isolated malleolar non-displaced injuries can be managed non-operatively in the general population, there remains a question as to whether overall stability and fracture pattern can be adequately assessed by traditional means in this patient population. Further, a stable fracture pattern may not preclude the development of Charcot neuroarthropathy and there is no research to date as to how pre-emptive fixation may increase or decrease the likelihood of developing an active, unstable Charcot event. Stability of these fractures and determination of operative necessity may also be aided by CT scan. Kumar et al. found that routine computed tomography (CT) scans of malleolar fractures prompted a change in medical decisionmaking in 23.2% of cases [6•] . This may be of particular utility in high-risk populations and we recommend liberal use of CT as a treatment planning tool in this patient population (Figs. 1, 2, 3 , and 4).
Patients with isolated malleolar fractures without instability determined by fracture pattern and/or gravity stress radiographs can be treated non-surgically in a CAM boot for continuous monitoring of the skin for potential complication or in a well-padded cast applied by properly trained physician, resident, or medical assistant. It is the authors' standard practice that these patients be monitored at no longer than 14-day intervals with serial imaging and skin checks to assess patients for early-onset displacement, Charcot, or skin complications. CAM walkers facilitate skin monitoring, are less labor intensive, and may decrease cost. However, the risk of noncompliance may be significantly higher, especially in the neuropathic patient. Providers must ensure that casts are adequately padded and properly applied to prevent further wound complications on the toes, heel, and shin.
It is also important to note that adequate clinical examination of these patients may be obscured by peripheral neuropathy. The Michigan Neuropathy Screening Instrument is a validated scoring instrument for detecting peripheral Fig. 1 A 54-year-old insulin-dependent female treated non-surgically at an outside facility for a ground level fall, presenting for ankle pain and deformity 8 months after injury. Patients with diabetes, peripheral neuropathy, and ankle fractures should be monitored closely with serial imaging for the development of Charcot neuroarthropathy so as to facilitate timely intervention as needed before deformity progresses Fig. 2 A seemingly innocuous non-displaced Weber B distal fibula fracture in a 72-year-old female with insulin-dependent diabetes, COPD, and peripheral arterial disease. This patient was a minimal home ambulator. She did have peripheral neuropathy and was immobilized and recommended to be discharged to a skilled facility due to fall risk neuropathy and the authors recommend the routine use of this instrument to adequately evaluate patients who may be at risk for neuropathic-related complications such as cast-induced ulceration or Charcot neuroarthropathy [7] .
Historically, there has been an aversion to the operative management of ankle fractures in patients with diabetes ( Fig. 1) . The prudence of this approach has become increasingly questioned. In a 2017 study, Lovy et al. determined that patients with displaced ankle fractures have "unacceptably high complication rates" when treated non-operatively with a 75% complication rate [8••] . This suggests that unstable, displaced ankle fractures do benefit from fracture stability with surgical fixation despite the increase in risk for perioperative complications.
Patients who sustain unstable ankle fractures should undergo surgical intervention with the knowledge that they are more prone to complications. Several studies have shown that patients with diabetes are more likely to develop infections. Schade et al., in 2016 , looked at patients undergoing repair of closed malleolar fractures between 2006 and 2013 and found that those with insulin-dependent diabetes had a 2.6 greater odds of developing an early post-operative infection [9] . Their study supported previous findings that patients with diabetes have higher post-operative infection risks [10] [11] [12] [13] [14] . A study by Haddix et al. in 2017 also looked at the role of insulin dependence and type 1 versus type 2 diabetes in patients with ankle fractures. The study analyzed operative and nonoperatively treated ankle fractures from an insurance database, between 2007 and 2014. Those with type 1 diabetes had higher complication rates versus those with type 2 diabetes. In addition, those on insulin tended to have higher complication rates [15] .
Increased duration of immobilization has been theorized to decrease the incidence of complications among the diabetic ankle fracture population [16] [17] [18] [19] [20] [21] [22] [23] . Some newer literature has aimed to challenge this theory, also positing that early protected weightbearing may limit deconditioning and prevent other perioperative complications [24] . Bazarov et al. in 2017 looked at 48 operatively managed diabetic ankle fractures which were permitted to start protected weightbearing at 2 weeks, finding a 25% complication rate. This was lower than previous reports in the literature on traditional 6-8 weeks of non-weightbearing. This study is limited to only 48 surgically repaired diabetic ankle fractures but concluded that in a small subset of patients, early weightbearing can occur without additional risks. It should be noted, however, that in their report, patients older than 60 years of age had a statistically significant increase in complications (p = 0.0403) and this is also the most likely population to become deconditioned with prolonged immobilization. Thus, further research in this area is necessary.
Other considerations are obesity and upper body deconditioning. These issues can be common in patients with diabetes, making lower extremity weightbearing restrictions challenging. Chiodo et al. in 2016 looked at patient compliance with non-weight bearing restrictions after surgery and found that 27.5% of patients were noncompliant with weightbearing restrictions and almost half experienced an adverse event because of not following instructions. Thus, extra attention must be paid in this high-risk population to discharge planning and postoperative care. These patients are more likely to require extra assistance or post-discharge placement to limit issues with non-compliance. Fig. 4 The same patient 4 months post-operatively after undergoing closed application of an intramedullary nail. The patient was permitted to weight-bear 3 weeks post-operatively for pivot and transfers and then permitted full weightbearing in a walking boot 6 weeks after surgery 
Fixation Choices
If it is generally agreed that the worst-case scenario after open reduction with internal fixation of diabetic ankle fractures is the development of Charcot neuroarthropathy or the necessity of amputation, then it stands to reason that adhering to common practices in the management of Charcot and limb salvage should apply to the management of diabetic ankle fractures. Thus, the authors have adopted a "modified super construct" approach to the fixation and management of diabetic ankle fractures. Sammarco and colleagues defined a super construct with regard to Charcot surgery as fixation meeting the following criteria [25] .
1. Fusion is extended beyond the zone of injury. 2. Bone resection is performed to allow for reduction of deformity and relief of soft tissue tension. 3. The strongest device that soft tissue envelope will allow should be utilized for fixation. 4. Fixation should be applied in a manner that maximizes mechanical function.
These can be modified to apply to diabetic ankle fractures with the goals of extending fixation beyond the immediate zone of injury, planning incisions to allow for fixation placement in low-risk intervals for healing, utilization of the strongest available fixation device, and application of the device in a mechanically advantageous fashion (i.e., anti-glide plating). The advent of locking plate technology has revolutionized the orthopedic landscape. It allows surgeons to have better fixation while preserving vital periosteal blood supply, which is crucial for fracture healing. These plates achieve mechanically superior fixation, often without increased fixation volume. In addition to locked plating technology, the utilization of multiple four-cortical syndesmotic screws has been suggested [26] .
It is the authors' routine practice to apply three to four syndesmotic screws in this fashion for patients with neuropathic ankle fractures, regardless of whether a syndesmotic injury is initially evident (Fig. 5) .
Poor soft tissue envelope is yet another consideration in the patient with diabetes. Age, edema, and autonomic dysregulation can add to already tedious skin quality. In addition to poor baseline tissue, trauma can compound these issues making timing and incision placement a key consideration with surgical intervention. Patients who develop a fracture should be fixated when the soft tissue allows. Patients with absence of skin wrinkling or fracture blisters should have their ankle placed into a splint with underlying multilayer compression or undergo temporary external fixation as deemed necessary by the surgeon. These patients should then be monitored at weekly intervals until soft tissue permits surgical intervention. Further, when placing hardware, a direct lateral incision with a lateral plate application may increase lateral ankle volume to the extent that there is not adequate tissue for closure. Even when closure is possible, the combination of underlying skin pressure from hardware and overlying pressure from a splint or immobilizer may lead to incision necrosis and breakdown (Fig. 6) . Therefore, an incision over the posterior border of the fibula or a traditional posterolateral approach may be preferred to allow for better skin mobility and accommodation of hardware. This also has the added benefit of facilitating posterolateral fibula fixation which has been shown in cadaver models to be a stronger construct for supination external rotation fractures than lateral locking plates [27] . This incision placement also allows for a multiple layer closer over hardware.
For patients with a severely compromised soft tissue envelope, including open fractures, there are some alternatives to standard open reduction and internal fixation. These patients have a few options including circular fixation, pin and bar external fixation, percutaneous "closed" intramedullary nails, or primary arthrodesis. The decision as to whether to apply a pin and bar external fixation device versus a circular ring fixator should be considered. In the authors' experience, the natural life of a pin and bar fixator in the diabetic patient tends to be 4-6 weeks. Beyond this time period, pin loosening, loss of fixation, or pin tract infection is seen. Conversely, Illizarovtype external fixators are powerful tools that provide fracture stability while decreasing soft tissue insult. These devices are often applied for extended periods of time and are more amenable to fixator maintenance such as wire/pin augmentation, pin swapping, or even the late addition of internal fixation while maintaining placement of the external fixation device. Further, olive wires and tensioning devices and techniques can actually be utilized to aid in fracture reduction [28] . It is the authors' recommendation that if there is any suspicion that definitive treatment with external fixation may be required, that a ring external fixator be applied at the onset of treatment (Fig. 7) . Closed nailing is an alternative to traditional internal or external fixation, especially in the elderly who have previously been shown to be at high risk for complications. While there is increasing evidence guiding the treatment of elderly ankle fractures, the literature regarding fractures in elderly patients with diabetes has been somewhat conflicting and more specific research is required. A study by Kong looked at fluoroscopy-guided reduction and fibular nail fixation to manage unstable diabetic ankle fractures. The retrospective review only looked at 24 patients but showed an 8.3% wound infection rate and no amputations [29] . In a cadaveric study by Switaj comparing fibula locked plating and syndesmotic screws with an intramedullary fibula nail, the authors concluded that the two constructs had similar failure characteristics [30] . This suggests that fibula nailing may be a biomechanically acceptable alternative to locked plating.
Alternatively, trans-articular nailing, either with or without arthrodesis of the ankle, has been described for primary treatment of ankle fractures. Covered in greater detail elsewhere in this issue, this technique poses particular advantages in the most critically ill patients, patients with poor bone and soft tissue, and patients with presumed active Charcot neuroarthropathy (Figs. 8 and 9 ). This procedure can be successfully accomplished through a variety of approaches (anterior, lateral, medial, or posterior) enabling the surgeon to pick the safest possible interval for the patient. Joint preparation can be performed arthroscopically in high-risk patients or even avoided entirely in the most medically unstable patients. Fig. 7 A 56-year-old insulindependent male with a history of end-stage renal disease on hemodialysis, peripheral neuropathy, retinopathy, and trans-metatarsal amputation for osteomyelitis. The patient underwent initial ORIF with locked plating and subsequently developed a severe deep infection which was treated with explant of hardware and transition to definitive ring external fixation Fig. 6 An 82-year-old non-insulin-dependent female treated for a trimalleolar ankle fracture with open reduction and internal fixation. Direct lateral plating was utilized and she subsequently developed a non-infected surgical wound with exposed hardware. She was monitored closely off of antibiotics with serial laboratories and imaging.
Fourteen weeks after initial ORIF, with her fracture radiographically healed, she underwent removal of hardware and healed uneventfully by means of secondary intention within 4 weeks. The authors find that this direct lateral approach with direct lateral plating has a particularly high risk of wound development in elderly diabetic patients This procedure can also be performed quickly or under regional anesthesia which is of particular benefit to elderly and critically ill patients. Data for primary tibiotalocalcaneal arthrodesis in acute diabetic ankle fractures is limited but some data may be drawn from limb salvage literature. In 2018, Lee et al. looked at 20 prospectively gathered patients who underwent TTCA with intramedullary nail for limb salvage purposes including degenerative joint disease, Charcot neuroarthropathy, equinovarus deformity, and non-union of previous pantalar arthrodesis. Of those 20 patients, 35% were diabetic. In a subgroup analysis, they found wound complication rates and fusion rates to be similar to the primary cohort [31] . Georgiannos and colleagues performed a comparative prospective randomized study among elderly patients with traditional fixation versus trans-articular nailing finding fewer complications in the nailing group (p < 0.05) as well as shorter hospital stay while there did not appear to be a more significant functional decline in the nailing group [32••] .
Charcot Neuroarthropathy
The inci dence and the development of Charcot neuroarthropathy in the setting of ankle fractures remain unclear. While it seems likely that patients with neuropathy and ankle fractures are more likely to develop a Charcot event, more studies are needed to confirm this theory. Characteristics of Charcot may be evident at the time of acute presentation and the surgeon should be careful to identify these. In the setting of neuropathy, unusual comminution, fracture pattern, and bone quality should be cause for concern that the patient is in the midst of an active Charcot event. If acute Charcot in the setting of fracture is suspected, advanced imaging such as CT or MRI may be useful in confirming this. Early recognition of Charcot has been shown to instrumental in preventing the progression of foot and ankle deformity. Chantelau noted that if Charcot was recognized within 1 month of onset, only 1 or 11 patients had progressive deformity. Conversely, of 13 patients with a 3-month delay in diagnosis, 100% had progression of deformity despite immobilization [33] . It is clear that Charcot may develop as a result of acute ankle fractures, but the particular risk factors of development and the incidence of this phenomena are not Fig. 8 A 72 -year-old insulindependent female with renal insufficiency, peripheral neuropathy, and a history of first ray amputation for osteomyelitis. She presented with a 1-week-old ankle injury and pain with swelling. She was prompted to come to the emergency department when she had spontaneous bleeding from her ankle Fig. 9 Employing a staged protocol, the patient was treated with a pin and bar external fixator and multiple washouts with closure of her medial wound and delayed primary ankle arthrodesis with intramedullary nail completely clear. In a matched cohort study by Jones et al., complications of ORIF were compared between patients without diabetes, those with complicated diabetes, and a third group with uncomplicated diabetes. In their study, there was no significant difference in complications with uncomplicated diabetes and the control group. Eight of their patients in the complicated diabetic group went on to develop Charcot, representing 19% of their diabetic study population. Interestingly, they noted four patients were also excluded from the study because they had evidence of Charcot at the time of presentation [19] .
Vascular Considerations
One of the more obvious sources of complications surrounding fixation of ankle fractures in patients with diabetes is impaired healing. Certainly, the effects of peripheral arterial disease on ankle fracture outcomes may be devastating, ranging from delayed or non-union, impaired skin healing, infection, and amputation. However, complications surrounding open reduction and internal fixation (ORIF) are not limited to arterial insufficiency. Venous thromboembolism, venous insufficiency, and chronic peripheral edema are all major factors that may influence final outcomes.
As diabetes remains one of the leading non-modifiable causes of peripheral arterial disease and amputation, surgeons will inevitably encounter diabetic patients with ankle fractures and compromised inflow [34] . Interestingly, in a study by Eraso et al., risk factors for peripheral arterial disease (PAD) seem to be additive with patients exhibiting three or more risk factors having more than a 10-fold increase in prevalence of PAD. These factors included hypertension, diabetes, ESRD, smoking, women, and non-Hispanic blacks. While no studies to our knowledge specifically have identified peripheral arterial disease (PAD) in the setting of diabetes as an independent risk factor for complications with ankle fracture surgery, PAD has been found to be a risk factor for complications in foot and ankle surgery independently [9, 35] . With increasing evidence that there is an increased risk of complications with nonoperative management of ankle fractures in the setting of diabetes, patients with baseline peripheral arterial disease are likely undergoing ORIF with increasing frequency. Thus, the question as to when to proceed with vascular intervention poses an interesting question. In the instance where the limb or patient are acutely threatened by an unstable deformity or open fracture, the decision to proceed with stabilization first seems clear. However, in patients with more stable yet displaced injuries, it may be prudent to provisionally stabilize the extremity, either by splint or external fixator, and proceed with a vascular intervention or evaluation prior to ORIF. In a very interesting study by Aigner et al., complications of ankle fracture surgery were compared before and after instituting an algorithm and treatment pathway for peripheral arterial disease. Patients were identified with peripheral arterial disease either by history, pulse exam, or non-invasive vascular testing. In patients with suspected PAD, CT angiogram was performed to confirm the diagnosis. In patients with confirmed PAD, percutaneous intervention was then performed. In their analysis, they showed a decreased rate of complications (p = 0.021) in their treatment group after institution of their algorithm [36•] . This suggests that, when possible, it may be safe and beneficial to identify and treat PAD prior to fracture intervention. The adequacy of circulation has otherwise been assessed by toe pressure, which may be a safe and convenient study for evaluation of healing potential in the setting of an ankle fracture. This study obviates the need for cuff placement on an ankle that may otherwise be unstable or painful. Great toe pressure has been found to be at least 78% sensitive in detecting significant peripheral arterial disease and a toe pressure of greater than 47 mmHg has been found to have a greater predictive value for healing than arterial duplex [37, 38] .
Though the manifestations of PAD may seem more glaring, the implications of venous disease may be equally serious in the management of these fractures. Whether because of venous thromboembolism (VTE) or simply venous insufficiency, venous and coagulopathic complications of ankle surgery in these patients can be serious.
Venous insufficiency and its manifestations pose potentially modifiable or preventable complications with these patients. Venous leg ulceration, in isolation, is a risk factor for infection and loss of limb. These ulcerations may be caused by trauma, exacerbated by traumatic edema, or present obstacles for surgical exposure. Patients with venous reflux or venous insufficiency may have particularly poor skin quality around the malleoli, potentially increasing the risk of perioperative wound healing complications if certain surgical intervals are employed. A surgeon should be well versed in alternative approaches for fracture reduction and fixation to avoid these high-risk areas as necessary. It has been our approach in these patients, when possible, to apply a multilayer compression bandage for 7-10 days prior to surgery to limit the complications of venous insufficiency. The use of Unna boots has been particularly helpful, serving to moisturize the skin and achieve dramatic reduction in edema pre-operatively.
One of the more highly debated topics in foot and ankle surgery is the necessity for routine thromboprophylaxis for VTE. The overall incidence of VTE in foot and ankle surgery is generally accepted to be low,~1% or lower [39] . The most recent CHEST guidelines do not recommend routine prophylaxis for VTE with foot and ankle surgery. Interestingly though, a 2007 survey by Gadgil et al. found only 19% of foot and ankle surgeons utilized routine prophylaxis [40] . However, a recent surgeon survey found that 98% of foot and ankle surgeons do prophylax patients they consider to be high risk for VTE [40] . Research is somewhat conflicted regarding the effect of diabetes on increased incidence of VTE with ankle fractures. Basques et al. found only that BMI, heart disease, and dependent functional status were independent risk factors for VTE after ankle fracture whereas Yi et al. found that diabetes was associated with an increased risk of VTE in patients scanned prior to surgery [41, 42] . What seems clearer is that patients with diabetes seem to be at an overall increased risk for VTE with one study recognizing a 1.4-fold increase in hazard ratio in their diabetic population and an increased risk for VTE in the setting of orthopedic surgery, such as knee replacement [43] . Thus, the consensus remains that thromboprophylaxis for diabetic patients considered to be high risk should be considered, but routine prophylaxis has not been recommended.
Patient Optimization
It is important to recognize the modifiable and semimodifiable risk factors of patients with diabetes. It is well recognized that diabetes and its associated conditions have far reaching effects on patients, with end-organ implications such as infection, impaired bone healing, VTE, nephropathy, and Charcot neuroarthropathy. While many factors, such as the presence of diabetes, age, and pre-existing neuropathy, are not modifiable, there are potentially modifiable factors which may influence outcomes in these patients.
Glycemic Control
Hemoglobin A1c has been the benchmark by which overall diabetic control has been measured. There have been a wealth of studies illustrating the numerous health risks of having an elevated A1c, particularly related to perioperative risks. Research to date has concentrated on the effect of preoperative A1c on overall outcomes. In evaluating elective arthrodesis and non-elective fracture surgery patients, Shibuya et al. concluded that there was significantly elevated risk of bone healing complications in patients with an A1c > 7% [44] . Similarly, Liu and colleagues found that there was statistically significant correlation between increased A1c and increased likelihood of poor radiographic and functional outcomes after ankle fractures. In their study, they found that complication rates among diabetic ankle fractures were generally high but that an A1c of greater than 6.5% correlated with especially poor results [45] . A particularly interesting study by Lee et al. actually evaluated the effect of ankle ORIF on glycemic control after surgery. Patients had pre-operative fasting blood glucose and A1c evaluations and then were followed postoperatively for glycemic control. Patients undergoing ankle ORIF were found to have an increase in mean fasting blood glucose at 1 month after surgery and then appeared to have a study decline of 2.2 mg/dL per month thereafter [46] . This underscores the effect that the overall change in functional status has on these patients and should prompt surgeons to pay special attention to modifiable factors post-operatively.
Malnutrition
With an increased rate of surgical site infection and delayed skin and bone healing, considerable attention should also be paid to the patient's nutritional status. Pre-albumin and albumin are the most commonly utilized markers for patient's nutritional status. Protein deprivation has been shown in numerous models to result in impaired bone healing. Obese and morbidly obese patients have also been found to be statistically more likely to have hypoalbuminemia [47] . Hypoalbuminemia has been shown to be detrimental to healing a variety of lower extremity surgeries [48] [49] [50] . Particularly, hypoalbuminemia has revealed a poor prognosis for geriatric hip fracture patients, having a statistically significant increased mortality. While a direct comparison cannot be drawn, a high proportion of elderly patients are likely to have diabetes and may be comparably frail. Low albumin has also been shown to be associated with lower likelihood of wound healing of the lower extremities [51] . Pre-albumin has been shown overall to be a more accurate marker for nutritional status. Studies have shown a correlation between low pre-albumin and surgical site infection in spine surgery [52, 53] . There is conflicting evidence as to the effectiveness of application of vancomycin powder to foot and ankle surgical sites. Wukich et al. showed a significant decrease in surgical site infection with use of intrawound vancomycin powder in a diabetic population while Singh et al. did not observe a significant decrease in infection rate in periarticular tibia fractures with the use of vancomycin powder [54, 55] . Thus, more studies are needed to evaluate the efficacy of vancomycin powder as a tool in the management of diabetic ankle fractures.
Vitamin D
Management of vitamin D levels may also play a significant role in the outcomes of patients with diabetes and ankle fractures. Both end-stage renal disease and obesity have known associations with hypovitaminosis D. As obesity and chronic kidney disease are both common among diabetic patients, this population seems to be particularly at risk. In a study evaluating the prevalence of hypovitaminosis D in foot and ankle trauma patients, vitamin D levels of patients with fractures were compared to a second cohort with ankle sprains. The authors found that those patients with foot or ankle fractures had a statistically significantly increased likelihood to have low vitamin D compared to patients with an ankle sprain (p = 0.02) [56] . Looking specifically at ankle fractures, Warner et al. showed a trend toward decreased functional outcomes in ankle fracture patients with hypovitaminosis D; however, their study did not find a significant difference in complication rates with patients who had adequate vitamin D [57] .
Conclusion
While many articles discuss the perils of diabetic ankle fracture management, there is little definitive evidence on the optimal treatment for these injuries. These patients are highly complicated and present multifaceted challenges for surgeons. One must consider all comorbidities and adjust accordingly. Continued research is required to identify which patients are at risk for specific complications so more robust recommendations can be achieved. The literature does indicate that operative intervention for unstable fracture patterns in the diabetic and elderly populations is beneficial and has lower rates of complications. Care should be taken to ensure that these patients are optimized throughout the perioperative period.
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